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(54) MRAM device including differential sense amplifiers 



(57) Resistance of a selected memory cell (1 2) in a 
Magnetic Random Access Memory ("MRAM") device 
(8) is sensed by a read circuit (20) including a differential 
amplifier (34), a first current mode preamplifier (38) cou- 
pled to a sense node (SO) of the differential amplifier 
(34), and a second current mode preamplifier (42) cou- 
pled to a reference node (R0) of the differential amplifier 
(34). During a read operation, the first preamplifier (38) 
applies a regulated voltage to the selected memory cell 
(12), and the second preamplifier (42) applies a regu- 
lated voltage to a reference cell (26). A sense current 
flows through the selected memory cell (12) and to the 
sense node (SO) of the differential amplifier (34), while 
a reference current flows through the reference cell (26) 
and to the reference node (R0) of the differential ampli- 
fier (34). Resulting is a differential voltage across sense 
and reference nodes (SO and R0). The differential volt- 
age indicates whether a logic value of '0' or T is stored 
in the selected memory cell (12). 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to random ac- 
cess memory for data storage. More specifically, the 
present invention relates to a magnetic random access 
memory device including an array of memory cells and 
sense amplifiers for sensing resistance of the memory 
cells. 

[0002] Magnetic Random Access Memory ("MRAM") 
is a non-volatile memory that is being considered for 
long term data storage. Performing read and write op- 
erations in MRAM devices would be orders of magni- 
tude faster than performing read and write operations in 
conventional long term storage devices such as hard 
drives. In addition, the MRAM devices would be more 
compact and would consume less power than hard 
drives and other conventional long term storage devic- 
es. 

[0003] A typical MRAM device includes an array of 
memory cells. Word lines extend along rows of the mem- 
ory ceils, and bit lines extend along columns of the mem- 
ory cells. Each memory cell is located at a cross point 
of a word line and a bit line. 

[0004] A memory cell stores a bit of information as an 
orientation of a magnetization. The magnetization of 
each memory cell assumes one of two stable orienta- 
tions at any given time. These two stable orientations, 
parallel and anti-parallel, represent logic values of "0" 
and "1." 

[0005] The magnetization orientation affects the re- 
sistance of a memory cell such as a spin-tunneling de- 
vice. For instance, resistance of a memory cell is a first 
value R if the magnetization orientation is parallel, and 
the resistance of the memory cell is increased to a sec- 
ond value R+AR if the magnetization orientation is 
changed from parallel to anti-parallel. The magnetiza- 
tion orientation of a selected memory cell and, therefore, 
the logic state of the memory cell may be read by sens- 
ing the resistance state of the memory cell. 
[0006] The resistance state may be sensed by apply- 
ing a voltage to a selected memory cell and measuring 
a sense current that flows through the memory cell. Ide- 
ally, the resistance would be proportional to the sense 
current. 

[0007] However, sensing the resistance state of a sin- 
gle memory cell in the array can be unreliable. All mem- 
ory cells in the array are coupled together through many 
parallel paths. The resistance seen at one cross point 
equals the resistance of the memory cell at that cross 
point in parallel with resistances of memory cells in the 
other rows and columns (the array of memory ceils may 
be characterized as a cross point resistor network). 
[0008] Moreover, if the memory cell being sensed has 
a different resistance due to the stored magnetization, 
a small differential voltage may develop. This small dif- 
ferential voltage can give rise to a parasitic or "sneak 



path" current. The parasitic current is typically much 
larger than the sense current and, therefore, can ob- 
scure the sense current. Consequently, the parasitic 
current can prevent the resistance from being sensed. 
5 [0009] Unreliability in sensing the resistance is com- 
pounded by manufacturing variations, variations in op- 
erating temperatures, and aging of the MRAM devices. 
These factors can cause the average value of resist- 
ance in the memory cell array to vary by a factor of two 
or three. 

[001 0] There is a need to reliably sense the resistance 
states of memory cells in MRAM devices. 

SUMMARY OF THE INVENTION 

[001 1] These needs are met by the present invention. 
According to one aspect of the present invention, appa- 
ratus for sensing a resistance state of a selected mem- 
ory cell in an MRAM device includes a differential am- 
plifier having sense and reference nodes; a first current 
mode preamplifier coupled between the selected mem- 
ory cell and the sense node of the differential amplifier; 
a reference cell; and a second current mode preampli- 
fier coupled between the reference cell and the refer- 
ence node of the differential amplifier. 
[0012] Other aspects and advantages of the present 
invention will become apparent from the following de- 
tailed description, taken in conjunction with the accom- 
panying drawings, illustrating by way of example the 
principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] 

Figure 1 is an illustration of an MRAM device ac- 
cording to the present invention; 
Figures 2a and 2b are illustrations of parallel and 
anti-parallel magnetization orientations of a memo- 
ry cell; 

Figure 3 is an illustration of a differential sense am- 
plifier, which forms a part of a read circuit for the 
MRAM device; 

Figure 4 is a more detailed illustration of the differ- 
ential sense amplifier 

Figure 5 is a timing diagram of signals used for con- 
trolling the differential sense amplifier; 
Figure 6 is a flowchart of a method of sensing a re- 
sistance state of a memory cell; 
Figure 7 is an illustration of another MRAM device 
according to the present invention; 
Figure 8 is an illustration of yet another MRAM de- 
vice according to the present invention; 
Figure 9 is an illustration of an MRAM chip including 
multiple levels; and 

Figure 10 is an illustration of a machine including 
one or more MRAM chips. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0014] As shown in the drawings for purposes of illus- 
tration, the present invention is embodied in an MRAM 
device. The MRAM device includes an array of memory 5 
cells and a read circuit for reading data from the memory 
cells. The read circuit includes differential sense ampli- 
fiers, which can reliably sense different resistance 
states of selected memory cells in the array. 
[0015] Reference is now made to Figure 1, which il- 
lustrates an MRAM device 8 including an array 10 of 
memory cells 12. The memory cells 12 are arranged in 
rows and columns, with the rows extending along an x- 
direction and the columns extending along a y-direction. 
Only a relatively small number of memory cells 12 are 
shown to simplify the description of the invention. In 
practice, arrays of 1024x1024 memory cells or larger 
may be used. 

[0016] Traces functioning as word lines 14 extend 
along the x-direction in a plane on one side of the mem- 
ory cell array 10. Traces functioning as bit lines 16 ex- 
tend along the y-direction in a plane on an opposite side 
of the memory cell array 10. There may be one word 
line 14 for each row of the array 10 and one bit line 16 
for each column of the array 10. Each memory cell 12 
is located at a cross point of a corresponding word line 
14 and bit line 16. 

[0017] The memory cells 12 are not limited to any par- 
ticular type of device. For example the memory cells 12 
may be spin dependent tunneling ("SDT") devices. A 
typical SDT device includes a "pinned" layer and a "free" 
layer. The pinned layer has a magnetization that is ori- 
ented in a plane, but fixed so as not to rotate in the pres- 
ence of an applied magnetic field in a range of interest. 
The free layer has a magnetization orientation that is not 
pinned. Rather, the magnetization can be oriented in ei- 
ther of two directions along an axis (the "easy" axis) lying 
in a plane. If the magnetization of the free and pinned 
layers 50 and 52 are in the same direction, the orienta- 
tion is said to be "parallel" (as indicated by the arrows 
in Figure 2a). If the magnetization of the free and pinned 
50 and 52 layers are in opposite directions, the orienta- 
tion is said to be "anti-parallel" (as indicated by the ar- 
rows in Figure 2b). 

[0018] The free layer and the pinned layer are sepa- 
rated by an insulating tunnel barrier. The insulating tun- 
nel barrier allows quantum mechanical tunneling to oc- 
cur between the free and pinned layers. This tunneling 
phenomenon is electron spin dependent, making the re- 
sistance of the SDT device a function of the relative ori- 
entations of the magnetization of the free and pinned 
layers. 

[0019] For instance, resistance of a memory cell 1 2 is 
a first value R if the orientation of magnetization of the 
free and pinned layers is parallel. Resistance of the 
memory cell 12 is increased to a second value R+AR if 
the magnetization orientation is changed from parallel 
to anti-parallel. A typical resistance R may be about one 



megaohm. A typical change in resistance AR may about 
10% of the resistance R. 

[0020] Data is stored in a memory cell 12 by orienting 
the magnetization along the easy axis of the free layer. 
A logic value of "0" may be stored in the memory cell 12 
by orienting the magnetization of the free layer such that 
the magnetization orientation is parallel, and a logic val- 
ue of "1" may be stored in the memory cell 12 by orient- 
ing the magnetization of the free layer such that the 
magnetization orientation is anti-parallel. 
[0021] Each memory cell 12 retains its orientation of 
magnetization, even in the absence of external power. 
Therefore, the memory cells 12 are non-volatile. 
[0022] The MRAM device 8 also includes a row de- 
coder 18 for selecting word lines 14 during read and 
write operations. A word line 14 may be selected during 
a read operation by connecting that word line 14 to 
ground 

[0023] The MRAM device 8 also includes a read cir- 
cuit for sensing the resistance of selected memory cells 
1 2 during read operations and a write circuit for orienting 
the magnetization of the selected memory cells 12 dur- 
ing write operations. The read circuit is indicated gener- 
ally at 20. The write circuit is not shown in order to sim- 
plify the explanation of the present invention. 
[0024] The read circuit 20 includes a plurality of steer- 
ing circuits 22 and sense amplifiers 24. Multiple bit lines 
1 6 are connected to each steering circuit 22. Each steer- 
ing circuit 22 includes a set of switches that connect 
each bit line 16 to either a constant voltage source or to 
a sense amplifier 24. Each steering circuit 22 further in- 
cludes a column decoder. The column decoder selects 
only one switch for connecting the selected bit line 16 
to the sense amplifier 24. All other (unselected) bit lines 
16 are connected to the constant voltage source. The 
constant voltage source may be supplied from an exter- 
nal circuit. The sense amplifier 24 applies the same po- 
tential to a selected bit line 16 as the constant voltage 
source applies to the unselected bit lines 16. Applying 
equal potentials to the selected and unselected bit lines 
16 reduces parasitic currents. 

[0025] The MRAM device 8 includes a column of ref- 
erence cells 26 for each sense amplifier 24 and bit line 
28 for each reference cell column. Each bit line 28 cross- 
ing a reference cell column is connected to a corre- 
sponding sense amplifier 24. Thus, an MRAM device 8 
having sixteen sense amplifiers 24 would have sixteen 
columns of reference cells 26. 

[0026] During a read operation, a memory cell 12 is 
selected by supplying a row address Ax to the row de- 
coder 18 and a column address Ay to the steering cir- 
cuits 22. In response to the row address Ax, the row de- 
coder 18 couples a word line 14 to ground. In response 
to the column address Ay, a steering circuit 22 couples 
a bit line 1 6 to a sense amplifier 24. A selected memory 
cell 12 lies at the intersection of a selected word line 14 
and a selected bit line 16. A reference ceil 26 is also 
selected when a word line 14 crossing that reference 
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cell 26 is selected. 

[0027] The sense amplifier 24 applies equal poten- 
tials to the selected and reference bit lines 16 and 28, 
causing sense and reference currents to flow through 
the selected memory and reference memory cells 12 5 
and 26. The sense amplifier 24 includes a differential 
amplifier for comparing the sense and reference cur- 
rents to determine the resistance state of the selected 
memory cell 12 and, therefore, the logic value stored in 
the selected memory cell 12. An output of the sense am- 
plifier 24 is supplied to an output register 30, which, in 
turn, is coupled to an I/O pad 32 of the MRAM device 8. 
[0028] The read circuit 20 may read out data in m-bit 
words, whereby the resistance states of a number m of 
memory cells 12 are sensed simultaneously. For exam- 
ple, a first group of k contiguous bit lines 16 might be 
multiplexed into a first sense amplifier 24, a second 
group of k contiguous bit lines 16 might be multiplexed 
into a second sense amplifier 24, and so on. An m-bit 
word might be read out by operating m consecutive 
sense amplifiers 24 simultaneously. 
[0029] If a single sense amplifier 24 can fit a pitch of 
four columns, 256 sense amplifiers 24 may be used for 
a 1 024x1 024 array 1 0 of memory cells 1 2. A total of k=4 
bit lines 16 may be multiplexed into each sense amplifier 
24. If the MRAM device 8 has multiple levels of memory 
cell arrays (see, for example, Figure 9), bit lines 16 from 
the additional levels may be multiplexed into the sense 
amplifiers 24. 

[0030] Reference is now made to Figure 3, which 
shows a sense amplifier 24 coupled to selected memory 
and reference cells 12 and 26. The selected memory 
cell 12 is represented by a resistor, the selected refer- 
ence cell 26 is represented by a resistor, and the steer- 
ing circuit 22 is represented by a resistor. A first capac- 
itor Cs represents all parasitic capacitance associated 
with the selected memory cell 12, and a second capac- 
itor Cr represents all parasitic capacitance associated 
with the selected reference cell 26. 
[0031] The sense amplifier 24 includes a differential 
amplifier 34 having a sense node SO and a reference 
node R0. A first switch 36 is coupled between a first cur- 
rent mode preamplifier 38 and the sense node SO. The 
first current mode preamplifier 38 is also coupled to the 
selected memory cell 12. A second switch 40 is coupled 
between a second current mode preamplifier 42 and the 
reference node R0. The second current mode pream- 
plifier 42 is also coupled to the reference cell 26. 
[0032] A clock generator 44 generates an Equaliza- 
tion signal EQ, an Unload signal UNL and a Set signal 
SET. Asserting the Unload signal UNL causes both the 
first and second switches 36 and 40 to turn on (that is, 
become conductive) and de-asserting the Unload signal 
UNL causes both the first and second switches 36 and 
40 to turn off. Asserting the Set signal SET causes a 
differential voltage across the sense and reference 
nodes SO and R0 to be amplified. Asserting the Equal- 
ization signal EQ causes the sense and reference node 



voltages to be equalized. If asserted at the same time 
as the Unload signal UNL, the Equalization signal EQ 
further causes sense and reference currents Is and Ir to 
flow through the selected memory and reference cells 
12 and 26. The clock generator 44 may be local (that is, 
one clock generator 44 may be provided for each sense 
amplifier 26) or global (that is, a single clock generator 
44 may provide signals EQ, UNL and SET to all of the 
sense amplifiers 24). 

[0033] Reference is now made to Figure 4, which 
shows the differential amplifier 34 in greater detail. The 
differential amplifier 34 includes a pair of cross-coupled 
CMOS inverters 46 and 48. A first inverter 46 of the pair 
is formed by first and second FETS 46a and 46b. A sec- 
ond inverter 48 of the pair is formed by third and fourth 
FETs 48a and 48b. The sense node SO is between drain- 
source paths of the first and second FETs 46a and 46b, 
and the reference node R0 is between drain-source 
paths of the third and fourth FETs 48a and 48b. Such a 
differential amplifier 34 is a regenerative amplifier that 
has two stable states. 

[0034] A fifth FET 50, having a drain-source path cou- 
pled between gates of the first and third FETs 46a and 
48a, is turned on and off by the Equalization signal EQ. 
A sixth FET 52, having a drain-source path coupled be- 
tween the cross-latched inverters 46 and 48 and ground, 
is turned on and off by the Set signal SET. 
[0035] The current mode preamplifiers 38 and 42, 
which may be current mirror or direct injection charge 
amplifiers, regulate the voltage across the selected 
memory cell 12 and the selected reference cell 26. One 
such direct injection charge amplifier is disclosed in U. 
S. Serial No. 09/430,238 filed October 29, 1999, which 
is incorporated herein by reference. 
[0036] If the current mode preamplifiers 38 and 42 are 
direct injection charge preamplifiers, each preamplifier 
38 and 42 includes a current source transistor 36 and 
40. The current source transistor 36 of the first current 
mode preamplifier 38 may also function as the first 
switch 36, and the current source transistor 40 of the 
second current mode preamplifier 42 may also function 
as the second switch 40. The Unload signal UNL turns 
on and off the current source transistors 36 and 40 via 
unload logic 56 and 58. 

[0037] Reference is now made to Figures 5 and 6, 
which illustrate a method of using the sense amplifier 
24 to read a memory cell 12. The memory cell 12 is se- 
lected by selecting a word line 14 and a bit line 16 (block 
202). Selecting the word line 14 also selects a reference 
cell 26 in the reference cell column. Transients are usu- 
ally created when the word line 14 goes from an unse- 
lected-to-selected state and a previously selected word 
line 14 goes from a selected-to-unselected state. Tran- 
sients are also usually created when the bit line 1 6 goes 
from an unselected-to-selected state and a previously 
selected bit line 16 goes from a selected-to-unselected 
state. Switching between read and write modes can also 
cause transients. 
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[0038] After the memory cell 12 has been selected, 
the clock generator 44 asserts the Unload and Equali- 
zation signals UNL and EQ (block 204). Asserting the 
Unload signal UNL causes the first and second switches 
36 and 40 to couple the differential amplifier 34 to the 5 
first and second current mode preamplifiers 38 and 42. 
Asserting the Equalization signal EQ causes voltages 
at the sense and reference nodes SO and R0 of the dif- 
ferential amplifier 34 to be equalized. Consequently, 
there is no differential voltage across the sense and ref- 
erence nodes SO and R0, and effects caused by circuit 
imbalances in the differential amplifier 34 are eliminat- 
ed. 

[0039] Asserting the Unload and Equalization signals 
UNL and EQ at the same time also causes the differen- 
tial amplifier 34 to supply a sense current Is to the se- 
lected memory cell 12 and a reference current Irto the 
selected reference cell 26. The first and third FETs 46a 
and 48a of the differential amplifier 34 connect the first 
and second current mode preamplifiers 38 and 42 to the 
voltage source. The sense and reference nodes SO and 
R0 are pulled towards the source voltage VDD, and cur- 
rents Is and lr flow from the voltage source to both nodes 
SO and R0 of the differential amplifier 34 and on to the 
selected memory and reference cells 12 and 26, respec- 
tively. The first current mode preamplifier 38 regulates 
the array voltage Vs across the selected memory cell 
12. Similarly, the second current mode preamplifier 42 
regulates the reference voltage Vr across the selected 
reference cell 26. Ideally, the array and reference volt- 
ages Vs and Vr are equal. 

[0040] Equalization is performed until the transients 
have settled or decayed to an acceptable level (block 
206). Decay time of the transients is a function of the 
size of the array and the properties of the memory cells. 
The decay time may be estimated or determined empir- 
ically. 

[0041] Equalization is ended by de-asserting the 
Equalization signal EQ. When the Equalization signal 
EQ is de-asserted, the sense and reference nodes SO 
and R0 are no longer held to the source voltage VDD 
(block 208). Instead, the node voltages are allowed to 
float. The heavier of the two currents Is and lr will cause 
its node voltage to sag faster. Consequently, a voltage 
differential begins to develop across the sense and ref- 
erence nodes SO and R0. Thus begins a sample period. 
[0042] The differential voltage is allowed to develop 
for a second time period T2 (block 210). This second 
time period T2 is determined empirically and through 
knowledge of the technology. The second time period 
may be based on the sense and reference currents and 
the capacitances at the sense and reference nodes SO 
and R0. 

[0043] After the second time period T2 has elapsed, 
the differential voltage is held in the differential amplifier 
34. The differential voltage may be held by de-asserting 
the Unload signal UNL, which causes the first and sec- 
ond switches 36 and 40 to turn off and thereby discon- 



nect the differential amplifier 34 from the preamplifiers 
38 and 42 (block 212). 

[0044] The differential voltage is then amplified by as- 
serting the Set signal SET (block 21 4). Asserting the Set 
signal SET causes the sixth FET 52 to be turned on. 
Consequently, the differential amplifier side associated 
with a T is pulled down to a full swing logic voltage and 
the differential amplifier side associated with a '0' is 
pulled up to a full swing logic voltage. 
[0045] The amplified differential voltage is applied to 
the register 30, which, depending upon the voltage level, 
stores either a logic '0' or a logic T (block 216). The logic 
value stored in the register 30 is then sent to the asso- 
ciated I/O pad 32 of the MRAM device 8. 
[0046] Thus disclosed is an MRAM device including 
a sense amplifier that can read data reliably. Parasitic 
currents are reduced and do not obscure the sense cur- 
rent during a read operation. In addition, sensitivity of 
the MRAM device to aging and manufacturing and op- 
erating temperature variations is reduced. 
[0047] The invention is not limited to the specific em- 
bodiments described and illustrated above. For in- 
stance, the invention is not limited to the use of spin de- 
pendent tunneling devices. Other types of devices that 
could be used include, but are not limited to, giant mag- 
netoresistance ("GMR") devices. 
[0048] The invention has been described in connec- 
tion with the rows being oriented along the easy axis. 
However, the rows and columns could be transposed. 
[0049] The differential amplifier described above in- 
cludes a pair of cross-coupled inverters. However, the 
differential amplifier is not so limited. For example, the 
differential amplifier may be an analog differential am- 
plifier. 

[0050] According to the timing diagram of Figure 5, a 
signal is asserted by making it go high and de-asserted 
by making it go low. However, a signal could be asserted 
by making it go low and de-asserted by making it go 
high. The actual timing will be based on a specific tech- 
nology. 

[0051 ] Although Figure 1 shows an MRAM device that 
includes a column of reference cells for each sense am- 
plifier, the invention is not so limited. Any number of col- 
umns may be used. See, for example, an MRAM device 
8' shown in Figure 7. All but the last column of memory 
cells 12 has a bit line 16 connected to a steering circuit 
22. The last column is used as reference cells 26, and 
the bit line 28 crossing the last column is connected to 
each sense amplifier 24. The current mode preamplifi- 
ers of the MRAM device 8' may be current-mirror charge 
amplifiers or direct-injection charge amplifiers. If direct- 
injection charge amplifiers are used, however, the clock 
generator(s) generates a signal for enabling only one 
sense amplifier to apply a regulated voltage to the single 
column of reference cells 26. 

[0052] In the alternative, an MRAM device 8" may in- 
clude one column of reference cells 26 for each column 
of memory cells 12. Resulting is a bit-bitbar arrange- 
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ment as shown in Figure 8. Each reference cell 26 stores 
the complement of the logic value stored in a corre- 
sponding memory cell 12. Thus, if a memory cell 12 
stores a logic T, the corresponding reference cell 26 
stores a logic '0'. A steering circuit 22" multiplexes the 5 
bit lines 16 crossing the memory cells 12 to either the 
first current mode preamplifier or the voltage source. 
The steering circuit 22" also multiplexes the bit lines 28 
crossing the reference cells 26 to either the second cur- 
rent mode preamplifier or the voltage source. When a 
memory cell 12 is selected, the bit line 16 crossing the 
selected memory cell 12 is connected to the first current 
mode preamplifier 38, and the bit line 28 crossing its cor- 
responding reference cell 26 is connected to the second 
current mode preamplifier 42. The sense node SO will 
be pulled to a logic T and the reference node R0 will be 
pulled to a logic '0', or the sense node SO will be pulled 
to a logic '0' and the reference node R0 will be pulled to 
a logic T. 

[0053] The reference cells 26 may have half resist- 
ance values (that is, R+AR/2), whereby a selected mem- 
ory cell resistance less than the reference cell resist- 
ance indicates a logic '0' and a selected memory cell 
resistance greater than the reference cell resistance in- 
dicates a logic T. However, the reference cells 26 are 
not limited to such a resistance value. 
[0054] Reference is now made to Figure 9, which il- 
lustrates a multi-level MRAM chip 100. The MRAM chip 
1 00 includes a number Z of memory cell levels or planes 
102 that are stacked in a z-direction on a substrate 104. 
The number Z is a positive integer where Z ^ 1 . The 
memory cell levels 102 may be separated by insulating 
material (not shown) such as silicon dioxide. Read and 
write circuits may be fabricated on the substrate 104. 
The read and write circuits may include additional mul- 
tiplexers for selecting the levels that are read from and 
written to. 

[0055] The MRAM device according to the present in- 
vention may be used in a wide variety of applications. 
Figure 10 shows an exemplary general application for 
one or more MRAM chips 100. The general application 
is embodied by a machine 1 50 including an MRAM stor- 
age module 152, an interface module 154 and a proc- 
essor 1 56. The MRAM storage module 1 52 includes one 
or more MRAM chips 100 for long term storage. The in- 
terface module 154 provides an interface between the 
processor 156 and the MRAM storage module 152. The 
machine 1 50 could also include fast volatile memory (e. 
g., SRAM) for short term storage. 
[0056] For a machine 1 50 such as a notebook com- 
puter or personal computer, the MRAM storage module 
1 52 might include a number of MRAM chips 1 00 and the 
interface module 154 might include an EIDE or SCSI 
interface. For a machine 150 such as a server, the 
MRAM storage module 152 might include a greater 
number of MRAM chips 100, and the interface module 
154 might include a fiber channel or SCSI interface. 
Such MRAM storage modules 152 could replace or sup- 



plement conventional long term storage devices such 
as hard drives. 

[0057] For a machine 150 such as a digital camera, 
the MRAM storage module 152 might include a smaller 
number of MRAM chips 100 and the interface module 
154 might include a camera interface. Such an MRAM 
storage module 152 would allow long term storage of 
digital images on-board the digital camera. 
[0058] The MRAM device according to the present in- 
vention offers many advantages over conventional long- 
term data storage devices such as hard drives. Access- 
ing data from the MRAM devices is orders of magnitude 
faster than accessing data from conventional long-term 
storage devices such as hard drives. Additionally, 
MRAM devices are more compact than hard drives. 
[0059] The present invention is not limited to the spe- 
cific embodiments described and illustrated above. In- 
stead, the invention is construed according to the claims 
that follow. 



Claims 

1. An MRAM device comprising: 

an array (1 0) including a plurality of columns of 
memory cells (12) and at least one column of 
reference cells (26); 

a plurality of bit lines, each column of memory 
cells (12) being crossed by a bit line (16), each 
column of reference cells (26) being crossed by 
a bit line (28); and 

a read circuit (20) for sensing resistance states 
of selected memory cells (12) in the array (10), 
the read circuit (20) including: 

a plurality of steering circuits (22), each 
steering circuit (12) having inputs coupled 
to multiple bit lines (16) crossing the mem- 
ory cell columns; 

a plurality of differential amplifiers (34), 
each differential amplifier (34) correspond- 
ing to a steering circuit (22), each differen- 
tial amplifier (34) having a sense node (SO) 
and a reference node (R0); 
a plurality of first current mode preamplifi- 
ers (38), each first current mode preampli- 
fier (38) being coupled between an output 
of a corresponding steering circuit (22) and 
the sense node (SO) of a corresponding dif- 
ferential amplifier (34); and 
a plurality of second current mode pream- 
plifiers (42), each second current mode 
preamplifier (42) being coupled between 
the reference node (R0) of a corresponding 
differential amplifier (34) and a bit line (28) 
crossing a reference cell column. 
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2. The device of claim 1, wherein the device (8*) in- 
cludes a single column of reference cells (26); and 
wherein the bit line (28) crossing the single column 
of reference cells (26) is connected to the reference 
node (RO) of each differential amplifier (34). 5 

3. The device of claim 1, wherein the device (8) in- 
cludes a plurality of reference cell columns, each 
reference cell column corresponding to a differen- 
tial amplifier (34); and wherein a bit line (28) cross- 10 
ing a reference ceil column is connected to the ref- 
erence node (RO) of the corresponding differential 
amplifier (34). 

4. The device of claim 1 , wherein the device (8") in- *5 
eludes a plurality of reference cell columns, each 
reference cell column corresponding to a memory 
cell column; wherein a bit line (28) crossing a mem- 
ory cell column and a corresponding reference cell 
column are connected to the same steering circuit 20 
(22"). 

5. The device of claim 1 , wherein the first and second 
preamplifiers (38 and 42) are direct-injection charge 
amplifiers. 25 

6. The device of claim 1 , wherein the first and second 
preamplifiers (38 and 42) are current-mirror charge 
amplifiers. 

30 

7. The device of claim 1 , further comprising at least 
one clock generator (44) for generating an Equali- 
zation signal, the Equalization signal being assert- 
ed to cause the sense and reference nodes (SO and 
RO) of a differential amplifier (34) to be equalized, 35 
the asserted Equalization signal also causing at 
least one differential amplifier (34) to pull its node 
voltages toward a source voltage, a voltage differ- 
ential developing across the sense and reference 
nodes (SO and RO) of at least one differential am- 40 
plifier (34) after the Equalization signal has been de- 
asserted. 

8. The device of claim 7, wherein each clock generator 
(44) also generates a Set signal, the Set signal be- 45 
ing asserted after the Equalization signal has been 
de-asserted. 

9. The device of claim 8, further comprising a plurality 

of first and second switches (36 and 40), each first so 
switch (36) coupling a corresponding first preampli- 
fier (38) to the sense node (SO) of a corresponding 
differential amplifier (34), each second switch (40) 
coupling a corresponding second preamplifier (42) 
to the reference node (RO) of a corresponding dif- 55 
ferential amplifier (34); wherein each clock genera- 
tor (44) also generates an Unload signal, the Un- 
load signal being asserted after the Equalization 



signal is de-asserted but before the Set signal is as- 
serted, the asserted Unload signal causing the first 
and second switches (36 and 40) to disconnect their 
corresponding differential amplifier (34) from their 
corresponding first and second preamplifiers (38 
and 42). 
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FIG. 6 
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FIG. 8 
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